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Protein Production Process 

The present invention relates to a process for the preparation 
of a therapeutic protein complex, and to apparatus and 
reagents for use in the process . 

Monomeric a- lactalbumin is the most abundant protein in human 
milk whey. This 14 KDa protein has been extensively 
characterised and the crystal structure has been resolved. 
There are four a-helices and one triple stranded p- sheet, 
which is found at the C- terminal end of the protein. A high 
affinity Ca2+ binding site is coordinated by the side chain 
carboxylates of Asp82, Asp87, Asp88 and the carbonyl oxygen of 
Lys79 and Asp84, with two water molecules. 

The monomer is a component of the lactose synthase complex, 
and alters the substrate specificity of the galactosyl 
transferase from N-acetylglucosamine to glucose, with 
subsequent synthesis of lactose. 

A multimeric form of a- lactalbumin or MAL has previously been 
reported which has different biological properties to the 
monomeric form. In particular, the multimer is reported as 
having therapeutic applications both in the field of 
antibiotic (WO96/04929) and cancer therapy (A. Hakansson et 
al., Proc. Natl. Acad. Sci USA, (1995) 92, 8064-8068). The 
multimerized form of a- lactalbumin, on the other hand, 
induces apoptotic cell death in cancer cells and immature 
cells, but not in healthy cells. These observations suggested 
that the protein aquires novel biological properties after 
conformational switching . 
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It is known that a-lactalbumin undergo conformational 
switching when exposed to low pH. The A state or molten 
globule state has native secondary structure, but less well 
defined tertiary structure than the native state. Similar 
5 states of a- lactalbumin can form also at neutral pH, upon 

removal of the tightly bound Ca 2+ ion, reduction of disulphide 
bonds or at elevated temperatures . 

MAL was obtained by passing a casein fraction of milk, 
10 particularly human milk, down an ion exchange column, 

specifically a DEAE-Tris -acyl M column using an NaCl gradient. 
A pool containing MAL which was active therapeutically was 
obtained. In addition, the conversion of commercially 

available monomeric a-lactalbumin to the multimeric form was 
15 reported. 

The applicants have found that multimers of a- lactalbumin 
precipitated with casein rather than with the whey fraction, 
at low pH, and eluted with high salt during ion-exchange 
20 chromatography. Spectroscopic characterisation of the 

multimeric forms suggested that they consist, at least in 

part, of folding intermediates of a-lactalbumin in stable 
aggregates . 

25 The applicants have found an improved way of producing MAL in 

greater yields and from a greater variety of a-lactalbumin 
sources . 

The present invention provides a method for producing a 
30 multimeric form of a-lactalbumin which comprises exposing a 
source of a-lactalbumin to an ion exchange medium which has 
been pre- treated with casein or an active component thereof, 
and recovering a-lactalbumin in a multimeric form therefrom. 
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The casein or active component used in the pretreatment of the 
column may comprise casein or a. fraction thereof which 
contains the fatty acids or a pure fatty acid. 

5 

Pre- treatment or "training" the ion exchange medium with oleic 
acid, for example as found in casein or active components 
thereof has been found to be particularly effective in 
increasing the yield of MAL, for example from various sources 
10 such as commercially available a-lactalbumin derived from both 
human and bovine milk. 

The expression "active component" used herein refers to those 
one or more elements found in casein which produce the desired 

15 improvement in the process when used as a pre- treatment of the 
ion exchange column. It is known for instance, that casein 

contains a number of lipids and occasionally free fatty acids. 
The fatty acid content of casein is markedly increased if for . 
example, the casein if frozen or subjected to hydrolysis 

20 reactions. It has been found that some of these elements are 
retained on a column which has been treated with casein. Such 
a column gives rise to an improved MAL production capability 
of the column. 

25 A particularly preferred active component is oleic acid and 
this may be applied to the column in pure state in the pre- 
treatment step. 

Casein from human milk contains polyunsaturated fatty acids in 
30 addition to oleic acid such as linoleic, y-linoleic and 
arachidonic acid as well as triglycerides and lipids 
particularly phospholipids such as sphingomyelin. Any of 
these may be used in combination with the oleic acid, and may 
produce enhancement effects on the column. 
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It would be a matter of routine to test which of these further 
elements or combination of elements produced enhanced effects 
and then the reagents could be used alone in place of 
5 the casein in order to pre-treat the ion exchange material. 

Where casein or an active component used in the pre- treatment 
step, this may be isolated from milk derived from various 
mammals, such as humans, bovines, sheep or goats. Preferably 
10 however the casein or active component used in the pre- 
treatment are derived from human milk. 

Isolation of casein fractions can be carried out using known 
methods, for example as described in WO 96/0492 9. The casein 

15 may be used directly or it may be frozen and later thawed 

prior to use. It has been found that casein which has been 
frozen or derived from frozen human milk is preferred in the 
pre- treatment step. Where the casein is used directly, it is 
preferable that it is first subjected to hydrolysis so as to 

20 hydrolyse some triglycerides present and so increase the 
amount of free fatty acid and in particular oleic acid, 
present before use in the pre- treatment step. This 
hydrolysis may be achieved for example by exposure of the 
casein to bile salts (J. Bitman et al . , J. Ped. Gast. Nutr. 

25 1983 : 521-524) . 

Preferably the ion-exchange material used is arranged in a 
column as is conventional in the art. The various treatments 
can then be e luted through the column. 

30 

Suitably the oleic acid or casein or the active components 
thereof are eluted through a column containing new unused ion 
exchange material such as DEAE Trisacryl. Suitable elution 
buffers include Tris-HCl with a pH of 8.5. 
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The amount of casein or the active components such as oleic 
acid or oleic acid composition applied to the column in this 
way may be small depending upon the volume of a- lac t albumin is 

5 required to be converted to MAL. For example, it has been 

found that only 3 0mg of casein or casein equivalents per ml of 
column material can be used in the conversion of multiple lOmg 
runs of bovine a-lactalbumin. After 6 runs (60mg) , the yield 
began to decrease, but some multimeric a-lactalbumin was still 

10 obtained even after 10 runs . 

In a preferred embodiment, the column is then washed with ion 
exchange buffer, such as the Tris-HCl buffer mentioned above, 
without casein, and preferably also other buffers which are to 
15 be used in the process, such as a NaCl containing buffer to 

ensure that nothing unspecific will elute from the column when 
used in the process. Washing may be done several- times. 

The column may then be eluted with the source of a-lactalbumin 
20 as described above dissolved in the ion exchange buffer. The 
column comprises anion exchange material. Suitably a salt 
concentration gradient is induced in the column by elution 
with buffer containing suitable salts, for example those 
containing a suitable anion such as chloride. One such salt 
25 is sodium chloride. MAL containing fractions can then be 

isolated from the column. These fractions may be identified 
spectroscopically for example as illustrated hereinafter. 

In the experiments illustrated hereinafter, it has been found 
30 that in general, the most active MAL fraction elutes first 

although some may be carried over into a second elution peak. 



Using the process of the invention, MAL can be obtained from a 
wide variety of a-lactalbumin sources. For example it may be 



isolated from casein fractions or whey fractions of milk from 
any of the above-mentioned mammals or from commercially 
available monomeric a-lactalbumin which has been derived from 
any of these mammals. For example, monomeric bovine a- 
5 lactalbumin can be converted to therapeutic MAL in good 

yields, in some cases substantially completely, by treatment 
in accordance with the invention. 

Preferably the a-lactalbumin applied to the column is in the 
10 so-called A-state or molten globule state. This state of a- 

lactalbumin has native- like secondary structure but less well- 
defined tertiary structure (Kronman et al . 1965 Biochem, 4, 
518-525; Dolgikh et al . Febs Lett, (1981) 136, 311-315 and 
FEBS Lett, (1984) 165:88-92, Ohgushi & Wada, 1983, A Febs 
15 Lett, 164:21-25). Molten globules are formed under acidic 

conditions and at neutral pH upon removal of the tightly bound 
Ca 2 +-ion by EDTA, by reduction of the disulfide bonds, or at 
elevated temperatures (Pfeil et al . , 1987 Biochim Biophys 
Acta, 911:114-116; Kuwa j ima 1996 Faseb J. 1:102-109; Shulman 
20 et al., 1995 J. Mol. Bol . 253, 651-657). 

Thus it may be preferable, depending upon the purification 
process used in its production, it may be preferable to 
subject the a-lactalbumin to a pretreatment step which 

25 maximise amount of A-state material. This may be effected by 
contacting the a-lactalbumin with a calcium chelating agent 
such as EDTA (ethylene diamine tetraacetic acid) in order to 
remove excess calcium. This may be applied as a pre-treatment 
in which the a-lactalbumin is contacted with the chelating 

30 agent prior to elution down the ion exchange column, or 

alternatively, the EDTA may be added to the elution buffer. 
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Alternatively, the a-lactalbumin may be subjected to pre- 
treatment step involving exposure to a low pH, for example by 
addition of acidic material such as hydrochloric acid, so as 
to reduce the pH to the order of 2 . In yet a further 

5 alternative, the a-lactalbumin is heated to an elevated 

temperature, for example a temperature inexcess of 70°C, for 
example from 70 to 120°C. Whether or not a pretreatment of this 
type is necessary in order to obtain optimum yields of active 
MAL can be determined by carrying out trial runs as 

10 illustrated hereinafter. 

A pre- treated column can be used repeatedly to convert 
numerous fractions of a-lactalbumin to MAL. Once the column 
is exhausted or the conversion rate drops to unacceptable 
15 levels, the pre- treatment step can be repeated in order to 
restore the enhanced MAL production activity. 

The reason why the "training" of the column in this way is so 
advantageous in MAL production is not entirely clear. It is 
20 possible that the components of .the casein and in particular 
oleic acid retained on the column catalyses MAL production or 
stabilise a-lactalbumin in its multimeric form. 

Ion-exchange media and columns which have been trained or 
25 conditioned in this way form a further aspect of the 

invention, as does multimeric a-lactalbumin obtainable using 
this method. 

The invention will now be particularly described by way of 
30 example with reference to the accompanying diagrammatic 
drawings in which: 
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Figure 1 shows an ion exchange chromatogram obtained by 
elution of a sample of pre -treated human monomeric a- 
lactalbumin down a clean ion exchange column: 

Figure 2 shows an ion exchange chromatogram obtained by 
elution of a sample of pre- treated-human monomeric oc- 
lactalbumin and lipids down a clean ion exchange column: 

Figure 3 shows an ion exchange chromatogram obtained by 
elution of a sample of human monomeric a-lactalbumin down a 
trained ion exchange column in accordance with the invention: 

Figure 4 shows an ion exchange chromatogram obtained by 

elution of a sample of bovine monomeric a-lactalbumin down a 
trained ion exchange column in accordance with the invention; 
and 

Figure 5 A) Ion-exhange chromatogram of human casein. Western 
blot. B) Circular dichrosim spectra in the near UV region 

recorded at 25 °C for MAL and native a- lactalbumin. C) is the 

1.5juM ANS fluorescence spectra of MAL and native a- 

lact albumin. 

In the ion exchange chromatograms shown in the Figures, the 
protein peak is indicated by a thick line. 

The ion exchange matrix used in the following examples was 
DEAE Trisacryl M from BioSepra, France. The buffers 
comprised: Buffer A # lOmM Tris-HCl pH 8 . 5 and Buffer B, 10 
mM Tris-HCl with 1M NaCl pH 8.5. 

The experiments were carried out at room temperature (22°) . 
Sample was dissolved in 10ml of buffer A. 
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Sample solution were injected onto the column at 1 ml/minute. 
The column was then eluted with buffer A for 10 minutes in 
order to get the sample on the column. Then a gradient of 

5 buffer B from 15-30% was induced. The gradient was held at 

30% buffer B for 20 minutes during which time unwanted protein 
was eluted from the column. The concentration of buffer B was 
then increased to 100% which was held for 10 minutes. Where 
present, a MAL containing fraction eluted from the column 

10 during this period. The concentration of buffer B was 

reduced to 0% which was held for 20 minutes. Thereafter the 
concentration of buffer B was raised again to 100% and held 
for 2 0 minutes, during which a second MAL containing fraction 
was eluted. The concentration of buffer B was then reduced to 

15 0% and the column eluted with buffer A only for a further 50 
minutes . 

Product was analysed using gel electrophoresis (Tris -Glycine 
PAGE gels 4-20%) as described previously in WO 96/04929, the 
20 content of which is hereby incorporated by reference. 

Comparative Example A 

This example was carried out using a new and previously unused 
ion exchange matrix. Monomeric a-lactalbumin (ca. 2 5mg) was 
25 added to the column in the manner outlined above. No 
multimeric peaks were obtained on this occasion. 

Monomeric a-lactalbumin (20mg) was subjected to a procedure 
used in the precipitation of casein. Specifically, the 
30 sample was mixed with 10% potassium oxalate and incubated 
overnight at 4°C . The pH was then lowered to 4 . 3 and the 
sample incubated at 32°C for 2 hours. After o.n. incubation at 
4°C, the sample was added to the column. Although small 
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multimeric peaks were detected (Figure 1) , no protein was 
found after dialysis and freeze drying of the product. 

Monomeric a-lactalbumin (20mg) was mixed with lipids extracted 
from whole human milk, subjected to the casein precipitation 
procedure outlined above, and added to the column. Again 
small multimeric peaks were detected but no protein was found 
after dialysis and freeze drying (Figure 2) . 

Example 1 

In this example, 3 00mg of casein derived from human milk was 
run on a fresh unused ion exchange matrix. The matrix was 
then washed with two runs of buffer A. Untreated monomeric 
human a-lactalbumin (8mg) was added to the column. Two 
multimeric peaks were found (Figure 3) . Four further samples 
were run down this column and all gave two multimeric peaks. 

Comparative Example B 

Example A above was repeated using a different sample of 
unused matrix and with monomeric bovine a-lactalbumin samples. 
None of the samples gave any multimeric peaks. 

Example 2 

Example 1 above was repeated using monomeric bovine a- 
lactalbumin in place of human a-lactalbumin. Two clear 
multimeric peaks were obtained (Figure 4) . 

Example 3 

Supplies of a-lactalbumin were obtained from various sources 
including commerically available human and bovine a- 
lactalbumin (Sigma) and a-lactalbumin isolated from human milk 
by ammonium sulphate precipitation of all proteins except a- 
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lactalbumin, and then running the supernatant on a phenyl - 
sepharose column. 

The samples were eluted down a column as described in Example 
1. A second group of samples were pre-treated with EDTA by 
adding 7mg of the a- lactalbumin to 10ml of Buffer A containing 
ImM of EDTA. The mixture was left at room temperature for 
about 3 hours and was then added to the trained column and run 
using the buffers set out in Example 1. 

A third group of samples were treated with an EDTA containing 
buffer as described above and then run using EDTA buffers . 

The two peaks which are believed to contain MAL were kept 
separately and tested individually. Representative results 
are set out in Table 1 . 
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Table 1 



Source of a- 


EDTA addition 


MAL Peak 


Dosaae 


Viability 


lactalbumin 




tested 




of tumour 










cells*. 


Commercial 


Untreated 


1 


0 . 5mg/ml 


0% 


human a- 






1 . Omg/ml 


0% 


lactalbumin 




2 


1 . Omg/ml 


0% 


Human a- 


Untreated 


1 


1 . Omg/ml 


79% 


lactalbumin * 




2 


1 . Omg/ml 


95% 




EDTA pre- 


1 


1 . Omg/ml 


0% 




treated 


2 


ca.l. 5mg 


98% 








/ml 






EDTA pre- 


1 


0 . 5mg/ml 


0% 




treatment + 




1 . Omg/ml 


0% 




EDTA buffer 


2 


0 . 5mg/ml 


89% 








1 . Omg/ml 


0% 


Commercial 


untreated 


1 


0 . 3mg/ml 


50% 


bovine a- 






0 . 5mg/ml 


0% 


lactalbumin 




2 


0 . 5mg/ml 


98% 








1 . Omg/ml 


98% 



* Cell viability of tumour cells incubated with MAL as 
described below. 

Obtained using ammonium sulphate precipitation step as 
5 discussed above. 



These results indicate, that the first MAL containing fraction 
to elute is the most active. It is possible that the second 
peak contains only some residual MAL which * leaked' from the 
10 first peak. 



With certain samples, and in particular, those isolated from 
human milk using an ammonium sulphate precipitation step as 
outlined above, the removal of some calcium is necessary in 
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order to ensure efficient conversion of monomeric ct- 
lactalbumin to MAL. 
Example 4 
Biological Data 

The biological efficacy of the products obtained in the above 
Examples 1 and 2 above was tested using tumour cell lines as 
described in HAkansson et al (1995) supra. Cell lines were 
incubated with samples of the products at various 
concentrations in cell culture media at 3 7°C for various time 
points. After incubation, the cells are harvested and the 
cell viability determined using a vital dye (trypan blue) . 

Oligonucleosome length DNA fragments were detected by agarose 
gel electrophoresis. Cells (2xl0 6 ) were lysed in 5 mM Tris, 20 
mM EDTA, 0.5% Triton X-100 pH 8.0 at 4°C for 1 hour and 
centrifuged at 13,000 x g for 15 minutes. DNA was ethanol 
precipitated overnight in -20°C, treated with proteinase K and 
RNAse, loaded on 1.8% agarose gels and electrophoresed with 
constant voltage set at 50V overnight- DNA fragments were 
visualized with ethidium bromide using a 3 05nm UV- light source 
and photographed using Polaroid type 55 positive-negative 
film. 

Analysis of the results revealed the occurrence of DNA 
fragmentation in all cases, indicative of apoptosis. 

The activity of the products of the above Examples 1 and 2 was 
similar to that obtained using protein isolated from human 
milk casein as described by Hakansson et al (1995) supra. 

Example 5 

Further Analys is of MAL 

A further set of experiments were undertaken in order to 
further characterise MAL. 
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Frozen human milk was thawed and centrifuged (Sorvall RC-5B 
refrigerated superspeed centrifuge, Du Pont Instruments, 
Wilmington DE, USA) at 2500 x g for 15 minutes; the upper fat 
layer was removed. Casein was isolated by an overnight 
incubation at +4°C with 10% potassium oxalate followed by a 
second overnight incubation at + 4°C after lowering the Ph to 
4.3 using 1 M hydrochloric acid and heating the solution to 
32 °C for 2 hours. The casein precipitate was harvested by 
centrifugation at 5000 x g for 15 minutes, washed by 3-5 
cycles of centrifugation and resuspension in distilled water 
and lyophilized. Casein was further fractionated on an ion- 
exchange column (14 cm x 1.5 cm) packed with DEAE-Trisacryl M 
(BioSepra, France) attached to a Biologic chromatography 
system (Biorad laboratories, Alfred Nobel Drive, Hercules, CA, 
USA) using an increasing gradient of NaCl . The run was under 
the following conditions: buffer A: 10 mM Tris/HCl pH 8.5; 
buffer B: buffer A containing 1 M NaCl/L. Gradient program: 
From start to 15 ml, 0% B; from 15 to 55 ml, 0-15% B; from 55 
to 75 ml, 15% B; at 75ml, 100% B for 10 min; from 85 to 115 
ml, 0% B; at 115 ml, 100% B for 20 min; from 135 to end 0% B. 
The flow rate was 1 ml/min and the fraction size was 0.5 ml. 
The peaks was monitored by absorbance at 280 nm. The elute 
was desalted by dialysis (Spectra/Por , Spectrum Medical 
Industries, Laguna Hill CA, USA, membrane cut off 3.5 kD) 
against distilled water for at least 48 h and lyophilized. 

MAL eluted as a single peak after 1M NaCl . 

Analytical PAGE was performed using 4-20% polyacrylamide 
precast gels on a Bio-Rad Mini Protean II. Each lyophilized 
fraction (5-10 mg/ml) was suspended in 10 fil of sample buffer 
13.1% 0.5 M Tris/HCl, pH 6 . 8 , 10.5% glycerol, 1.2% SDS and 
0.05% Bromophenol Blue, and loaded on to the gel, which was 
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run in Tris-glycine buffer (pH 8.3) with 0.1% SDS at 200 V 
constant voltage for about 40 min. Proteins were stained with 
0.1% Coomassie Blue solution. 

In addition, Western blots were prepared using anti-a- 
lactalbumin antibodies. Size exclusion chromatography was 
effected by gel -filtration, performed on a Pharmacia Sepharose 
12 (S-12) gel filtration column in lOmM Tris/HCl pH 7 . 5 with 
0.15M NaCl, and monitored by UV absorbtion at 280nm. The flow 
rate was 0.3 ml/min and the fraction size was 0.5ml. Observed 
peaks were collected and desalted by dialysis against 
distilled water. 

These techniques showed that the protein component of MAL 
consisted of a-lactalbumin monomers as well as multimers of 
different molecular size (Figure 5A) . 

N- terminal amino acid analysis of MAL following the gel 
filtration described above using Edman degradation was 
performed in an automated pulse- liquid sequencer (Applied 
Biosystems model 477A) . The results, shown in Table 2, 
confirm the identity of MAL to human a-lactalbumin. 
TABLE 2 

N- terminal amino acid sequence of the protein bands of MAL. 
The sequence of a- lactalbumin (HLA) is also shown. 



HLA 

1 4 Kda; Lys-Gln-Phe-Thr-Lys-Cys-Glu-Leu-Ser-Gln- 
-Leu-Leu-Lys-Asp-Ile-Asp-Gly-Tyr-Gly-Gly- 
-Ile-Ala-Leu-Pro-Pro-Leu-Ile-Asp-Thr-Met- 

MAL 



14kDa; 



Lys-Gln-Phe-Thr-Lys-Unk-Glu-Leu-Ser-Gln- 



16 
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-Leu-Leu-Lys-Asp-Ile-Asp-Gly-Tyr-Gly-Gly- 
-De-Ala-Leu-Pro-Pro-Leu-Ile-Asp-Thr-Met- 

30 kDa; Lys-Gln-Phe-Thr-Lys-Unk-Glu-Leu-Ser-Gln- 

60 kDa; Lys-Gln-Phe-Leu-Lys- 
Arg Pro Lys Thr Pro 

1 00 kDa; Lys-Gln-Phe-Thr-Unk-Unk-Glu-Leu-Unk-Gln- 

Asn He Ser Val 

Tyr Asn 



Fractions of MAL: 

Peak 1 Lys-Gln-Phe-Thr-Lys-Unk 
1 5 Peak 2 Lys-Gln-Phe-Thr-Lys-Unk 
Peak 3 Lys-Gln-Phe-Thr-Lys-Unk 
Peak 4 Lys-Gln-Phe-Thr-Lys-Unk 
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Unk, indicates unknown; according to published results, 
residue 6 in a- lactalbumin is cysteine. 

Residues shown below the 60 and 100 kDa sequence of MAL are 
25 other possible candidates. 



ANS fluorescence emission spectra were recorded between 400 
and 700 nm (step 1 nm) with excitation at 385 nm. Both the 
excitation and emission bandpass was set to 5 nm. The 
30 concentration of the protein solutions was 1.0 mg/ml, 

corresponding to 70 /iM monomer, in 10 mM potassium phosphate 
buffer at pH 7.5. 



It was found that the ANS spectrum for MAL was blue shifted 
35 compared to the spectrum of monomer ic a- lactalbumin, with the 
intensity maximum at 475 nm and increased quantum yield 
indicating that ANS is bound by MAL (Figure 5C) . These 
spectroscopic analyses showed that MAL consisted of partially 
unfolded a- lactalbumin in the molten globule state. 
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This, indicates that is should be possible to make MAL from 
monomeric a-lactalbumin under conditions that induce adequate 
folding changes . 

5 Further analysis was carried out using Circular Dichroism 

spectroscopy. Circular Dichroism (CD) spectra were obtained 
using a JASCO J-720 spectropolarimeter with a JASCO PTC-343 
Peltier type thermostated cell holder. Quartz cuvettes were 
used with 1 cm path length. The proteins were dissolved in 10 
10 mM potassium phophate buffer at pH 7.5 and the extract protein 
concentrations were determined using amnio acid analysis after 
acid hydrolysis. 

Near UV spectra were recorded for between 300 and 240 nm. The 
15 wavelength step was 1 nm, the response time 4 s and the scan 
rate was 10 nm per minute. Six scans were recorded and 
averaged for each spectrum. Baseline spectra were recorded 
with pure buffer in each cuvette and subtracted from the 
protein spectra. The mean residue ellipticity 0 m , was 
20 calculated from the recorded ellipticity, 9, as 

0 m =9 / (c-n-1) 

where c is the protein concentration in M, n the number of 
residues in the protein (123 in this case) and 1 the path 
25 length in m. 

By near UV CD, MAL showed a minimum at 270 nm arising from 
tyrosine residues and a maximum at 2 94 nm arising from 
tryptophan residue, and was virtually identical to native a- 
30 lactalbumin, but with a lower . signal . This indicates that the 
motion of tyrosines and tryptophanes is less restrained in MAL 
compared to native oc- lactabumin (Figure 5B) . 

Example 6 
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Conversion of Monomer ic a-lactalbumin to MAL 
Monomeric a-lactalbumin was purified from human milk by- 
ammonium sulphate precipitation. The ammonium sulphate was 
added as a salt, 264g /l milk, and the mixture was incubated 
overnight at +4°C. The mixture was then centrifuged (Sorvall 
RC-5B refrigerated superspeed centrifuge, Du Pont Instruments, 
Wilmington DE, USA) at 5000 x g for 15 minutes. The whey 
fraction was collected, lyophilized and dissolved in 50 mM 
Tris/HCl with 35 mM EDTA, pH 7 . 5 A 400 ml phenyl -sepharose 
column (Pharmacia Biotech, Bjdrkgatan, Uppsala, Sweden) was 
packed in 50 mM Tris/HCl with 1 Mm EDTA, pH 7 . 5 and 500 ml 
sample was loaded onto the column. The column was first 
eluted with 50 mM Tris/HCl with 1 mM EDTA, pH 7 . 5 and cc- 
lactalbumin was then eluted from the column with 50 mM 
Tris/HCl with 1 mM CaCl 2/ pH 7.5. 

For conversion of monomeric a-lactalbumin, samples were 
dissolved in 10 mM Tris/HCl pH 8 . 5 (A buffer) prior to loading 
onto the column. Material that eluted at 1 M NaCl was 
collected, desalted by dialysis and lyophilized. 

Monomeric a- lactabumin was subjected to ion-exchange 
chromatography under conditions identical to those used in the 

purification of MAL. Ten milligrams of a- lactalbumin was 
loaded onto a new column matrix which was then eluted as 
described above. This gave no converted material. This 
confirms the results reported in Comparative Example A above. 

Subsequently monomeric a- lactalbumin was passed over a column 
that had been exposured to casein. Human casein, 3 00 mg, was 
dissolved in 60 ml A buffer and loaded onto the column which 
was eluted six times using the above listed program. After 
this conditioning of the column, 10 0 mg of monomeric a- 
lactalbumin was added and the program was run ten times, 
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loading 10 mg of a- lactalbumin at each run. The peaks from 
each run was collected separately. 

To another human casein conditioned column, monomeric a- 
lactalbumin treated with EDTA was added. To A and B buffers, 
1 mM EDTA was added and the system was equilibrated. The 
sample was then dissolved in A buffer with EDTA and added to 
the column. The same program was used as described above. 
This resulted in the formation of complexes that eluted at the 
same position as MAL. 

Results from the casein conditioned column suggested that an 
additional factor present in casein (factor X) was required, 
for MAL formation and eluted with a- lactalbumin at 1 M NaCl. 
Factor X was consumed as shown a decrease in MAL yield which 
was noted after six runs. 

Example 7 

Identification of factor X. 

Factor X was identified by eluting the column matrix under 
conditions suitable for proteins or lipids . Extraction of 
unused matrix was included as a control . Column matrix 
conditioned with casein was eluted with 1 M NaCl, 10 mM EDTA, 
4 M urea and 20% ethanol . The column was attached to a 
Biologic chromatography system and the running conditions were 
the same as for the purification of casein (described above) . 

Elution with 10 mM EDTA did not release detectable protein 
other than monomeric a- lactalbumin. Urea 4 M, NaCl 1 M, or 
ethanol (20%) released only residual multimerized a- 
lactalbumin as detected with PAGE. 

The column matrix was extracted with organic solvents 
(chloroform/methanol) and extracted lipids were analysed by 
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TLC. New matrix contained small amounts of phospholipids and 
free fatty acids. The casein conditioned matrix contained 
phospholipids, diglycerides , cholesterol, free fatty acids and 
triglycerides, "I.e. the same lipid classes as in human milk. 
5 After elution of the casein conditioned matrix with monomeric 
a- lactalbumin as described in Example 6 above, the free fatty 
acid content decreased suggesting that this component was 
consumed. 

10 Lipids were extracted according to Zeisel et . al J. Nutr. 

1986, 116, 50-58. Briefly, 2 ml of matrix were dissolved in 
25 ml of sterile water were mixed with 125 ml of 
chlorof orm/methanol (1:2 vol/vol), the solutions were mixed at 
room temperature for 15 min, incubated on ice for one hour and 

15 centrifuged at 11 600 x g for 10 min (Sorvall RC-5B 

refrigerated superspeed centrifuge, Du Pont Instruments, 
Wilminton DE,USA) . The supernatants were aspirated. The 
pellets were resuspended in 150 ml of 

chlorof orm/methanol /water (1:2:0.8 vol/vol/vol) mixed for 2 
20 min and centrifuged at 11 600 x g for 10 min. The 

supernatants were transferred to separation funnels and 175 ml 
of chloroform/water (1:1 vol /vol) was added. The phases were 
allowed to separate overnight at room temperature. The 
organic phases were collected and evaporated to dryness under 
25 nitrogen. 

The free fatty acid content of the extracts was analysed using 
thin layer chromatography (TLC) . Lipids extracted from 2 ml of 
matrix were dissolved in 10 |il of chloroform and applied on 
30 silica plates. Standards (monoglycerides , diglycerides, 

cholesterol, fatty acids, triglycerides and cholesterol ester) 
were similarly applied. Lipids were separated using petroleum 
ether/diethyl ether/acetic acid/methanol (80:20:1:2 
vol/vol/vol/vol) , and the lipids were visualized by spraying 



the plates with phosphomolybdic acid followed by heating at 
120°C for approximately 10 min and identified by comparison 
with the known standards. 

5 The column extracts were analysed using gas chromatography 
(GC) . New matrix contained low amounts of C 16:0, C 18:1, 
C12 : 0 and C 14:0. Casein conditioned matrix contained high 
amounts of C 16:0 and C 18.1, and also some C:14. After 
elution with a-lactalbumin the casein conditioned matrix 

10 contained the same free fatty acid classes but in much lower 
amounts . 

Example 8 

Conditioning of column using lipids 

15 The lipids extracted from the casein conditioned column were 
used to condition a clean ion-exhange matrix. Lipids 
extracted from a casein conditioned column were dissolved in 
500 |al 95% ethanol before A buffer was added. The lipid • 
solution was added to the column and one run of the program 

20 was done in order to distribute the lipids through out the 
column. There after 10 mg of monomeric a-lactalbumin was 
added and the program was run again, a- lactalbumin eluted as 
a single peak at the same position as MAIj, and was found to 
have apoptosis-inducing activity. 

25 

Example 9 

Identification of C18 fatty acid as factor X. 
The TLC analysis of the matrix lipids suggested that free 
fatty acids were involved in the production of MAL. . Fatty 
30 acids were added to a column containing new matrix. Two mg of 
palmitic acid (C 16:0), stearic acid (C 18:0), oleic acid (C 
18:1), or linoleic acid (C 18:2) was dissolved in 500 |al 95% 
ethanol and then A buffer was added. Each lipid solution was 
added to the column and one run of the program was done in 
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order to distribute the lipids through out the column. After 
each conditioning, 10 mg of monomeric a- lactalbumin was added 
and the program was run again . 

5 GC analysis showed that palmitic acid C 16:0 and oleic acid C 
18:1 were bound to the matrix after conditioning with casein. 

Pure C 16:0 and C 18:1 fatty acids were used to condition the 
column matrix and a- lactalbumin was passed over the column as 
10 described. Oleic acid conditioned matrix efficiently 

converted a- lactalbumin which eluted as a single peak at the 
same position as MAL. Stearic acid C 18:0 and palmitic acid 
C 16:0 had no effect. 

15 This indicates that oleic acid is factor X. 
Example 10 

B iological effects of lipids isolated from MAT, 

In order to confirm that lipids themselves were not 

20 responsible for the biological activity seen, MAL was 

subjected to extraction with organic solvents. Lipids were 
analyzed by TLC. MAL was shown to contain 10-4 0% lipids by 
weight of the same major lipid classes as human milk and 
casein conditioned matrix; triglycerides predominated, 

25 followed by free fatty acids, mono- and di- glycerides, and 
phospholipids. CG analysis of the free fatty acids showed 
that C 18:1 predominated followed by C 16:0 and C 14:0. 

The L1210 (CCL 219) cell line was obtained from the American 
30 Type Culture Collection (ATCC) , cultured in 25 cm 2 flasks 
(Falcon, Becton Dickinson, New Jersey, USA) in RPMI 1640 
supplemented with 10% fetal calf serum, 2 mM glutamine, non 
essential amino acids, sodium pyruvat, 50 ^il gentamicin/ml and 
for L1210 cells joM 2-mercaptoethanol , kept at 37°C in a 
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humidified atmosphere containing 5% C0 2 , with change of medium 
every three days. The cells were harvested by centrif ugation 
(200 g for 10 min) . The cell pellet was resuspended in RPMI 
and seeded into 24 well plates (Falcon, Becton Dickinson, New 
5 Jersey, USA) . 

L1210 cells were seeded in 24 well plates at a density of 2 x 
I0 s /well. Lipids extracted from MAL as described above and 
from column matrix were dissolved in culture medium, lacking 
fetal calf serum, by sonication for 3 minutes in a bath 
sonicator (Branson 2200, Branson, Danbury, USA) and added to 
the cells . The final volume was adjusted with medium to 1 ml 

per well. Plates were incubated at 3 7°C in 5% C0 2 atmosphere 

for 6 hours (L1210 cells) with addition of 50 jil of fetal calf 
serum to each well after 30 minutes. Medium without lipid 
served as control . 

The cell viability was determined by trypan blue exclusion. 
Cells (2x10 s ) were harvested by aspiration resuspended in PBS 
(5 ml) and washed by repeated cycles of centrif ugation and 
resuspension in PBS. The washed cell pellet was resuspended 
in 1 ml of PBS, 3 0 jxl were mixed with 3 0 \xl of a 0.2% trypan 
blue solution and the number of stained cells (dead cells) per 
100 cells was determined by interference contract microscopy 
(Ortolux II) . 

The MAL lipids were tested for apoptos is -inducing activity 
using L1210 cells. The lipid concentration was defined in 
W MAL equivalents" as the amount extracted from a defined mass 
30 of MAL. MAL at 0.7 mg/ml induced apoptosis in L1210 cells as 
seen by reduction of cell viability and formation of DNA 
fragments. However, lipids from 0.5 or 1 mg of MAL had no 
effect on cell viability or DNA fragmentation. At 2.5 mg MAL 
lipid equivalents cell viability was reduced to 45% and DNA 
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fragmentation was observed, but at higher concentrations the 
cells were killed the cells by necrosis, no DNA fragmentation 
was observed. MAL lipids were not active at concentrations 
when intact MAL killed the cells. The results are shown in 
5 Table 3. 

Table 3 

Effects of MAL Lipids and column Lipids on the viability of 

L1210 cells 

Viablility % TBE 



Medium control 99 

Lipids extracted from MAL 

0.05mg/ml* 97 

0.08mg/ml** 98 

0.15mg/ml# 97 

Lipids extracted from casein 
conditioned column 

0.05mg/ml* 96 
0.08mg/ml** 99 
0.15mg/ml# 98 

Mixing human cc-lactalbumin 
with column lipids 
a-lactalbumin column lipids 
0.3mg 0.05mg 95 

0.5mg 0.08mg 98 

l.Omg 0.15mg 98 
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* corresponding to 0.3 MAL equivalents 
** corresponding to 0 . 5 MAL equivalents 

# corresponding to 1.0 MAL equivalents 
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Lipids extracted from casein conditioned matrix, 0.7 mg/ml, 
killed the cells by necrosis. Lipids from new matrix or from 
casein conditioned matrix after elution with a- lactalbumin 
had no effect on the cells even at 1 mg/ml . The lipids 
5 extracted from the casein conditioned matrix (0.5 mg/ml) were 
mixed with a- lactalbumin (l mg/ml) . The cells still died by- 
necrosis, indicating that mixing of a- lactalbumin with lipid 
did not result in the apoptosis inducing multimeric form. 

10 

Example 11 

Molten globule a- lactalbumin. 

Monomeric a- lactalbumin in the native state and a- 
lactalbumin treated with EDTA were subjected to ion-exhange 

15 chromatography over a casein conditioned column. Native, 
monomeric a- lactalbumin was completely converted to the 
multimeric form and eluted at the same position as MAL, but 
the peak low apoptosis- inducing activity. a-lactalbumin 
treated with EDTA completely converted to the multimeric form 

20 and eluted as a single peak after 1 m NaCl at the same 

position as MAL. The converted a- latalbumin material had 
significant biological activity when tested as described in 
Example 1 . 
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Claims 

1. A method for producing a multimeric form of cc-lactalbumin 

which comprises exposing a source of a-lactalbumin to an ion 
exchange medium which has-been pre- treated with casein or an 
active component thereof and recovering a-lactalbumin in a 
multimeric form therefrom. 

2. A method according to claim 1 wherein the active 
component of casein is oleic acid. 

3 . A method according to claim 2 wherein the oleic acid is 
in substantially pure form. 

4 . A method according to claim 1 wherein the ion exchange 
medium has been treated with casein derived from human milk. 

5 . A method according to claim 1 or claim 4 wherein the ion 
exchange medium has been treated with casein which has been 
previously frozen or is derived from frozen milk. 

6 . A method according to claim 1 or claim 2 wherein the 
casein used in the pre- treatment of the ion exchange medium 
has been subjected to hydrolysis. 

7 . A method according to any one of the preceding claims 
wherein the a-lactalbumin applied to the ion exchange medium 
is in the molten globule state. 

8. A method according to claim 7 wherein the a-lactalbumin 
is formed into the molten globule state by contacting it with 
a calcium chelating agent. 
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9 . A method according to claim 8 wherein the calcium 
chelating agent is ethylene diamine- tetraacetic acid. 

10 . A method according to claim 8 or claim 9 wherein the 
calcium chelating agent is contacted with the a-lactalbumin 
prior to contact with the ion exchange medium. 

11. A method according to claim 8 or claim 9 wherein the 
calcium chelating agent is added to an elution buffer which is 
then used to effect the contact between the a-lactalbumin and 
the ion exchange medium. 

12. A method according to claim 7 wherein the a-lactalbumin 
is subjected to pre- treatment step involving exposure to a low 
pH. 

13. A method according to claim 7 wherein the a-lactalbumin 
is subjected to a pretreatment in which it is heated to an 
elevated temperature . 

14 . A method according to any one of the preceding claims 
wherein the ion exchange medium is arranged in a column. 

15. A method according to any one of the preceding claims 
wherein the ion exchange medium comprise DEAE Trisacryl. 

16 . A method according to any one of the preceding claims 
which comprises eluting an ion exchange column with casein or 
the active components thereof in an ion exchange buffer, 
washing the column with ion exchange buffer, and then eluting 
the column with a source of a-lactalbumin dissolved in the 
ion exchange buffer in the presence of a salt concentration 
gradient . 
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17. A method according to claim 16 wherein the ion exchange 
buffer is Tris-HCl. 

18. A method according to claim 16 or claim 17 wherein the 
salt concentration gradient is produced using an ion exchange 
buffer in which sodium chloride is dissolved. 

19. A method according to claim 16 wherein the column is 
washed by elution of ion exchange buffer twice. 

20. A method according to any one of the preceding claims 
wherein the said source of a- lactalbumin comprises monomeric 
bovine a- lactalbumin. 

21. A method according to any one of the preceding claims 
wherein the said source of a- lactalbumin comprises monomeric 
human a- lactalbumin. 

22. An ion exchange medium for use in the method of any one 
of the preceding claims, said medium having been treated with 
casein or an active component thereof. 

23 . An ion exchange medium according to claim 22 wherein the 
medium has been treated with an active component of casein 
comprising oleic acid. 

24. An ion exchange column which comprises ion exchange 
medium according to claim 22 or claim 23. 

25. A multimeric form of oc-lactalbumin obtained by a method 
according to any one of claims 1 to 21. 
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Abstract 

A method for producing a multimeric form of a-lactalbumin 
which comprises exposing a source of a-lactalbumin in which 
the a-lactalbumin is preferably in the molten globule state, 
to an ion exchange medium which has been pre-treated with 
casein or an active component thereof, such as oleic acid, and 
recovering a-lactalbumin in a multimeric form therefrom. Pre- 
treatment of the ion exchange medium, particularly with casein 
derived from human milk, has been found to significantly 
improve yields of the multimeric form of a-lactalbumin and 
mean that it can readily isolated from readily available 
sources such as bovine a-lactalbumin. 

This form of a-lactalbumin is useful therapeutically, in 
particular as an antibacterial agent and also as an anti- 
cancer therapeutic. 
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